A quantitative analytical data from the alluvial aquifers of Ganga-Sot Sub-Basin (GSSB) is subjected to multivariate statistical analysis in order to ascertain the groundwater quality characterization depending on the top soil/physiographic divisions. The matrix consists of ten variables of 34 groundwater samples collected from evenly spaced locations. The Hierarchical cluster analysis resulted in six clusters. Each cluster group is individually subjected to Principal component analysis (PCA). PCA of group A explains cumulative variance of 83%, and 95% of group of B, 82% of group C, 91% of group of D. Dissimilarity among the clusters is due to anthropogenic influence on the groundwater regime. The PCA is done for the groundwater quality data of the whole area and on the data of sub-divided area. The PCA of the whole area resulted in five components with cumulative variance of 69.19%. The area is sub divided on the basis of soil type/physiography and data falling in each sub-division is subjected to PCA. The PCA of clay loam soil/Ganga Mahwa low land resulted in five PCs explaining cumulative variance of 91%. The PCA of sandy soil/central upland data extracted four PCs with 80% of cumulative variance. The PCA of loam type of soil/Sot plain extracted three PCs explaining cumulative variance of 91.751%. The three physiographic units of the alluvium setting reflect distinct groundwater quality as manifested by the PCA. From this study it can be ascertained that PCA can be used for the characterization of groundwater quality information.
principal constituents. c) Study area is sub-divided on the basis of top soil/physiographic division. d) PCA is done separately on the analytical data falling in each sub unit. 3) To explore the spatial variability in groundwater quality the difference in characteristics among different sampling locations were determined by using clustering and the resultant clusters are individually subjected to PCA. 4) Relative importance of individual water quality variables were determined by PCA.
Site Description
The geomorphic setup of the Ganga Plain is believed to have evolved under changing conditions of climate, intraand extra-basinal tectonics and sea-level induced base-level changes [31] - [33] . River systems responded to all these changes and evolved differentially in time and space [34] . The variations in the intensity of Indian monsoon apparently played a very significant role in the sedimentary processes that were additionally modulated by tectonic-driven changes in the source and the sink regions. Early literature on the Ganga Basin identifies two morphostratigraphic units, namely the Older Alluvium (Bhangar or Bangar) and the Newer Alluvium (Khadar) [35] . The Older Alluvium comprises the higher interfluves areas while the sediments of major river channels and their valleys constitute the Newer Alluvium. The evolution of the aquifer in fluvial system is dependent upon the hydrodynamics of the flow regime, geology and topography of the terrain leading to the terrigenous clastic deposition system. These depositional systems are typically represented as the channel, flood plain and back swamp deposits. The shallow character and high permeability of alluvial aquifers make them highly vulnerable to contamination [36] .
The Ganga Sot Sub-basin (GSSB) occupies about 1073 sq km in the central Ganga plain of vast Ganga basin (Figure 1) . It lies between the latitudes 27˚58' and 28˚17'N and the longitude 78˚35' and 79˚4'E. The River Ganga and Sot form the southern and eastern boundaries, respectively, of the area while River Mahawa traverses diagonally in the western part. The dominant land use in the area is composed of agriculture (82%), with barren (2%), forest (2%) waste land (1%) fallow land (7%) and pastures (1%). The climate of the area is characterized by cold winter with temperature falling to 5˚C and very hot summers with temperature rising 45˚C. The aquifer of Ganga basin is considered to be one of the largest aquifer repositories of the world. The sediments in the Ganga basin were mainly derived from the fluvial agencies coming from the newly risen Himalayas. Topographically, the area is a vast level expanse but its surface and appearance vary to a considerable extent and is determined mainly by the course and character of the natural drainage channels. The slope of the country is from north-west to south-east and this direction governs the course of the streams within the sub-basin.
Physiographically, the area can be divided into the three distinct physiographic units (1) Ganga Mahwa lowland (2) Central upland (3) Sot plain.
Ganga Mahawa Lowland
Between the high ridge and Ganga river is the low-lying land which gently slopes due southeast. It is a broad shallow depression representing a number of back swamps and abandoned channels. The area lying between the Mahawa's right bank and the Ganga, gently slopes towards the river Ganga. The soil is loam to clayey loam which supports good crops.
Central Upland
It is a belt of high-land which runs through the centre of the study area, in a northwest to south east direction forming a watershed between the Mahawa and the Sot rivers. The stretch is about 8 kms in width and consists entirely of silt through fine to medium sands, which supports poor crops. There were number of springs along the steep sided western margin of the upland. However, the eastern margin of the upland gradually slopes due east and merges with the sot plain.
Sot Plain
This lies in the east of the upland-a broad, very gently sloping and perfectly homogeneous expense of good fertile loam, varied only at places, by clay in the depression. The plain merges due east with the right bank of the Sot river which forms the eastern most boundary of the area.
Material and Method
The sampling network was strategically designed so as to cover the key locations, which represent the groundwater quality of the study area. Representative sampling sites were chosen in order to cover the various agricultural and domestic activities. A total of 34 groundwater samples were collected from dug-wells. Ten variables were determined in the laboratory following standard protocols [37] . The samples were analysed for 10 parameters which include, pH, electrical conductivity (EC), carbonate ( 
Results and Discussion

Spatial Variation in Sampling Locations.
The result of the clustering analysis is shown in the form of dendrogram (Figure 2 ). The 34 sampling locations are grouped into six statistically significant clusters. The stations within the same group have similar constituent characteristics and therefore are likely to be influenced by similar land use practices, pollutant sources, and transport pathways [7] . The data set is classified into six groups namely A, B, C, D, E and F. The same are listed in Table 1 . Group A, B, C D, E and F comprises 10, 6, 8, 5, 2 and 3 numbers of samples, respectively. The group A and B, C and D, E and F, and G and H form pairs. The group A and B and group C and D meet at smaller Euclidean distance thus manifesting similarities, the same is with group D and E. However group E meet a large Euclidean distance manifesting dissimilarities in the variables. The group E and F consist of locations having densely populated areas. The dissimilarity of these groups is because of influence of anthropogenic activities on the groundwater.
For all the six groups the PCA was done ( Table 2 ). All the PCs of loading > 0.75 "strong loading" [38] and showing variance of >25% are taken into consideration. The PCA of group A explains a cumulative variance of 83%. It retrieves four PCs with PC 1 showing highest variance of 25% with Ca and CO 3 as the major components. The PCA of group B explains more than 95% of cumulative variance with HCO 3 (0.991), Na (0.978) and K (0.817) explaining the 33.686% of variance. The PCA of group of C explains cumulative variance of more than 82%. The EC, CO 3 and Cl having the loading of 0.936, 0.918, and 0.911 respectively explains the total variance of 40.071%.
The PCA of group D explains cumulative variance of more than 91%. The Cl and EC have the loading of 0.976 and 0.930, respectively, and explain the variance of 37.840%. The PC 2 of group D explains 32.073% of variance and comprises of Mg, HCO 3 , and Na with loading of 0.954, 0.932 and 0.884, respectively. The PCA of 
Overall Multivariate Characteristics of Groundwater Quality
In the present study ten variables are subjected to principal component analysis. Varimax rotation is used to maximize the sum of the variance of the factor coefficients. The PCA of the hydrochemical data in parts of Ganga-Sot sub-basin (GSSB) extracted four Principal components of more than 1 eigenvalue with a cumulative variance of 69.19% ( 
SO
− ions in the water are partly because of the dissolution of gypsum. Deficiency of sulphate ions suggest water has more cations of Mg and Ca in the groundwater. High (negative) factor loading of pH reflects the influence of acid-base factors on groundwater chemistry [39] .
PCA II has an eigenvalue of 2.014. The data explains the variance of 20.136% with cumulative variance of 41.06%. It has two strongly correlated variables of Chloride and EC showing a strong positive loading of 0.92 and 0.814. High loading of these variables explains the geogenic influence on the quality of the groundwater. Chloride remains stable once it enters a solution. High chloride content over to sodium may be due to base exchange process. Other source of it may be the leaching of saline residue from the soil.
PCA III with an eigenvalue 1.665 has a total variance of 16.65% and cumulative variance of 57.713%. This factor shows moderate loading in the three variable potassium (0.68), sodium (0.663) and magnesium (0.521). This factor is cation dominated. Mg 2+ is a significant variable in this factor, which happens to be one of the major ions in the hydrosphere and the most abundant divalent cation in the biosphere. It is an essential element for both plants and animals [24] . A study in the Amazonian floodplain lake revealed that Ca 2+ , Mg 2+ and Na + seasonality had been caused by abiotic processes while K + evolution was controlled by aquatic macrophytes [40] . High loading of potassium and magnesium may be due to excessive use of synthetic fertilizers for agriculture practices. The forth factor in analysis explains a total variance of 11.48% with an eigenvalue of 1.148. The factor explains the cumulative variance of 69.196%. The maximum loading is shown by Ca 2+ (0.811) and 2 3 CO − (0.563). The availability Calcium in groundwater is due to the presence of soluble calcium-containing solids and of sulfur in the form of sulphate.
Test of Hypothesis
The PCA for the variables falling exclusively in the region of clayey loam soil/Ganga-Mahwa lowland resulted in five PCs (Table 4) The first four factors for the sandy soil /Central-Upland explain 80% of the variance ( Table 5 ). The first principal component explains around 26% of variance. The EC, Cl, K, Mg gives a moderate positive loading while pH shows a strong negative loading. This component can be taken as a salinity controlled component. The mean value of EC of the samples in sandy soil region is around 576 micromhos/cm which is more than that of clayey loam and less than of loam soil type region. Range of EC in the groundwater of central-upland is 240 -1039 micromhos/cm. The second principal component explains around 24% of variance. HCO 3 , Cl and Mg gives a high negative loading while SO4 gives a moderate positive loading. The third principal component extracts EC and Na with moderate positive loading and explains around 15% of total variance. The fourth principal component comprises of CO 3 and Na with positive loading explains around 13% of total variance in data. The PCA of variables falling on the loam type of soil /Sot plain extracts three PC's (Table 6 ) explaining a cumulative variance of 91.751%. The first component explains around 43% of variance and a high eigenvalue of 4.389. All the extracted variables i.e. pH, EC, and SO 4 gives strong positive loading and HCO 3 and K shows a strong negative loading. The second principal component also shows a strong loading and extracts Cl, and Na with a strong negative loading and Mg with a strong negative loading. The third principal component extracts CO 3 and Ca with strong loading and SO 4 and K with a weak positive loading. The mean EC in the loam type of soil is highest among the three types i.e. 602.2 micromhos/cm.
Discussion
The PCA of the whole basin extracts five principal components explaining a cumulative variance of 69.196% while the PCA of sub-divided area results show: clayey loam-five PCs with 91.628% cumulative variance, sandy soil-four PCs with 80.053% of cumulative variance, loam type of soil-three PCs with 91.754% of variance. So the data set is well characterized with sub-divisions. The three soil types show different valid result.
The Ganga-Mahawa sub region where the top soil is loam to clayey loam is the flood plain area of River Ganga and Mahawa. The pH and SO 4 concentration in the groundwater has high negative loading and has an inverse relation the EC and HCO 3 .
The Central-upland sub regions is marked by sandy soil with poor drainage. In local parley this area is referred as "Bhur" has thick aquifers which manifest the channel deposit. The PCA for the groundwater samples of this sub-region extracted four components, explaining the cumulative variance of 80.053%. The pH has high negative loading >8 and has inverse relation with EC, Cl and Mg.
The pH in two sub regions gives a high negative loading and in one region that is in Sot upland it has a high positive loading. This is also reflected in the PCA results of the whole area where pH loading is negative. The negative loading of pH in three sub-divisions explains the aggressiveness of acidic media towards the soil which in return increases the concentration of other variables. This can be said that the PCA result pattern varies when the area is sub divided but the dominant component is reflected in the combined analysis. Over loading of EC is insignificant but in analysis of sub-divided region the EC loading varies from 0.632 to 0.959. Medium to high loading of EC is not reflected in the combined PCA. 
Conclusion
The PCA of sub divided region shows a good cumulative variation than that of whole area data analysis. This suggests that the groundwater pattern of the three distinct physiographic regions is different. And each physiographic region has a different groundwater quality as manifested in PCA. PCA can not only be used for data reduction purposes but safely be used for the characterisation of groundwater chemistry. The vadose zone geochemistry was not done in the area therefore it cannot safely be said that there is influence of top soil on the groundwater. But one thing is clear that the groundwater chemistry pattern is different in aquifers falling below distinct physiographic regions.
